Background: Following treatment, cancer patients may be clinically cured. However, they may die for reasons other than cancer, called competing risks. Objective: To estimate postoperative cure while considering the competing risks in Iranian patients with gastric cancer. Method: Data were obtained from the Cancer Institute of Imam Hospital in Tehran. The analysis was conducted within the framework of relative survival by fitting the data to a flexible parametric cure model, taking into account the competing risks using general population data by adjusting for age, sex, and year of diagnosis. Results: Of the 326 patients (224 male and 102 female) whose data were included, 235 deaths (72.1%) occurred during the follow-up period. The probability of conditional cure in terms of crude ratios of dying from causes other than gastric cancer in the surviving patients increased with the passage of time, and the slope of excess mortality approached almost 0 after 7 years. The estimated cure ratios showed a variation from 69% for 50-year-old men with diagnosis at early stages (I and II) to 3% for 80-year-old women with diagnosis at stage IV.
There are individuals of various ethnicities living in the Middle East region, including Arabs, Jews, Persians, Kurds, Turks, and Turkmen. Because of these various ethnicities, the prevalence of cancer in the countries of this region ranges from extremely high in Iran (26.1 per 100,000 people) to low in Egypt (4.8 per 100,000 people) [3, 5, 6] . The incidence of gastric cancer in Iran is 7 times higher than that in the neighboring country, Iraq [7] . Iran, with 14.1 deaths per 100,000 people each year, has the highest mortality from cancer among these countries [3, 5, 8] . Based on the SEER database, the relative survival of patients with gastric cancer was 27% between 2002 and 2008 [9] . Based on the results of a study conducted in Tehran of 760 patients with gastric cancer (from 1993 to 2006), the 1-and 5-year survival of the studied patients was 52% and 24%, respectively [10] . In the mentioned study, 326 (43%) patients were diagnosed at stages 1 and 2, and the rest were diagnosed at stages 3 and 4 [10] . In another study conducted of 128 patients with gastric cancer in the Hamadan province in Iran (from 2007 to 2013), 1-, 2-, and 3-year survival rates were 51%, 13%, and 5%, respectively [11] . In the mentioned study, only 40 (31%) patients were diagnosed at stages 1 and 2 [11] . In both the mentioned studies, age and disease stage were reported as the 2 factors affecting the survival of patients [10, 11] . Histopathologically, the most common form of the disease was adenocarcinoma [6, 9, 12] .
A considerable proportion of studies on cancer are dedicated to analyzing the survival of patients with cancer. In survival analysis, the survival time from the onset of disease to death can be considered as the most useful indicator to evaluate the status of diagnosis and treatment of the disease. In general, there are two types of survival measures: crude survival measure and net survival measure. Even though the crude survival measure is estimated through completely real-world probabilities with any cause of death, the net survival measure is estimated through hypothetical global probabilities or unrealistic scenarios [13] . It is important to recognize that net survival is interpreted for a hypothetical world where competing risks are assumed to be eliminated. The cancer-specific survival in the presence of competing risks is often higher than the cancer-specific survival in the absence of competing risks. If we assume that a type of cancer is the only cause of death in a community, then the net survival of the patients with the cancer after the diagnosis will be equal to the percentage of patients who are still alive after a certain period (for example, 5 years). There are two settings for estimating the net and crude survival in patients with cancer, cause-specific and relative survival. One of the most practical is the relative survival setting [13, 14] . Relative survival, an estimate of pure survival, is the ratio of survival observed in patients to the expected survival in a community.
For many cancers, after adopting effective treatment measures and generally after few years of diagnosis, the relative survival approaches 1, which statistically means that the risk of death in the patients is not greater than the risk in the nonaffected population, or in other words, the patients are cured. This point of time is known as the "statistical cure point," which can be estimated using various statistical models called "cure models" [15, 16] . However, because of the limitations in the flexibility of many models, especially for older age groups, their use may be associated with defects and errors. For this reason, we should either remove the data on older age groups or be more cautious when interpreting the data on these age groups. Flexible parametric cure models are superior to other models because they can be used to include and analyze older age group with the least concern [17] .
Following definitive treatment, patients with local types of gastric cancer may probably be cured. Currently, the only option for a definitive treatment is surgery [6, 10, 11] . However, patients with cancer may die at any time for reasons other than cancer, which are called competing risks [17] . We sought to answer the following question: what is the probability of ultimately dying from causes other than gastric cancer for an Iranian patient (male/female) who has been diagnosed with gastric cancer at a particular age in a particular year and undergone surgery in Iran immediately after diagnosis (and, of course, received subsequent treatments) and survived for a given period? The answer to this question is found by estimating the ratio of cure by adjusting for the competing risks [17] . The present study aimed to estimate the crude cure probability, while considering the competing risks in Iranian patients with gastric cancer who had undergone gastrectomy.
Methods
This was a retrospective single-center study performed using data obtained from patients diagnosed with gastric cancer who were referred to the Cancer Institute of Imam Hospital in Tehran and underwent surgery during the time from 1993 to 2000 and were followed up until 2004. The study's inclusion criteria were patients with a pathological diagnosis of gastric cancer who were surgical candidates for total or partial gastrectomy as the first line of action as prescribed by the treatment team and the physician. The exclusion criteria were patients who were not eligible for the surgery or who died during the time of the first hospitalization and those without reliable data regarding their condition.
Flexible parametric cure models were fitted on the log cumulative excess hazard scale using restricted cubic splines to model the baseline excess hazard. The model can predict relative (or excess mortality) and cure by adjusting for age, sex, and year of diagnosis taking into account the competing risks [17, 18] .
Cure was estimated by restricting the cumulative baseline excess hazard function to have zero slope after the last knot. The statistical cure point was defined via the placement of the last knot. Considering the cure time, we determined the determined the trend of mortality by age, sex, and year of diagnosis based on the crude probabilities in the patients, 1, 3, and 5 years after the diagnosis. Then we determined the point and distance estimates for the ratio of cure and ratio of deaths from other causes in the patients based on the statistical end point applying the method used and introduced by Eloranta et al. [17] , the analysis was conducted within the framework of relative survival by fitting the flexible parametric cure model, taking into account the competing risks by adjusting for age, sex, and year of diagnosis [18] .
In the present study, the outcome was all-cause mortality (regardless of its cause, registered in the patient's profile or death certificate). The relative survival of the patients was estimated by comparing the survival with the life expectancy of a reference population of the same sex and age (based on the year of birth). To obtain data for the life expectancy of the reference population, we used national-level data.
Taking into consideration the concept of crude survival [17] , the crude probability of death in patients with cancer during the follow-up was defined in 4 ways: the crude probability of death from cancer (P cdc ), the crude probability of death because of causes other than the diagnosed cancer (P cdo ), the probability of being destined to die ultimately from cancer (P bdc ), and the probability of being destined to die ultimately from causes other than the diagnosed cancer (P bdo ). The crude probability of death from cancer in time t was obtained using the following equation (Eq. 1) [18] :
where R(u) is relative survival, l(u) excess mortality, and S*(u) expected survival in the general population [19, 20] . In addition, P cdo (t) was calculated by replacing with or expected mortality rate in the general population. Considering that the statistical cure of cancer would occur over time t, it would be acceptable to assume that people who survive up to the given time will not die from cancer. In other words, the probability of ultimate death from the diagnosed cancer in patients with cancer will be equal to the probability of death from cancer until a, the time (Eq. 2) [17] .
In patients who survived up to the time t, the probability of death from the cancer (P alive.bdc ) and the probability of death because of causes other than the diagnosed cancer (P alive.bdo ) can be calculated using Equations 3 and 4:
To calculate the crude conditional probability of death from other causes in people who survived up to the time t, we used Equation 5 [13] .
It is worth noting that
is a concept that is similar to the conditional probability of cure in patients who survived up to the time t. Stata 14 was used for statistical analyses.
Results
Of the 326 patients (224 male and 102 female) whose data were included, 244 (74.8%) patients were at late stages of cancer (stages III and IV) and 82 (25.1%) patients were at early stages of cancer (stages I and II). During follow-up, 235 (72%) deaths occurred (death from all causes). Most of the patients were diagnosed at later stages, especially in stage IV. The highest mortality during the follow-up of the patients was observed in the same group (150 deaths, approximately 78.5% of all patients with diagnosis at stage IV). The other characteristics of the patients are presented in Table 1 .
Taking into account the competing risks in both sexes, the probability of cure in the surviving patients increased with the passage of time from diagnosis. Table 2 presents the conditional cure ratio (predicted probability of death from other causes), which was estimated using a flexible parametric cure model in the presence of competing risks for patients by age (i.e., 50, 60, 70, and 80 years) and disease stage at diagnosis. The estimated cure ratios showed a variation from 69% for 50-year-old men with a diagnosis at early stages (I and II) to 3%. Figure 1 shows the vital status and probability of death from causes other than cancer 1, 3, and 5 years after the diagnosis in men with gastric cancer (as an example). As shown in Figure 1 , the ratio of the patients estimated to die because of cancer is considerably reduced over the passage of time after diagnosis. By contrast, aging was associated with a reduction in the ratio of death from causes other than cancer. We note that because the slope of excess mortality almost approached 0 after 7 years, the statistical cure point in the studied patients was estimated to be 7 years ( Figure 2) . As an example, Figure 2 shows the survival status of a 75-year-old Iranian man in the years after diagnosis by the net, crude, and conditional probability (the patient had undergone surgical operation after being diagnosed with gastric cancer in 1999). As shown in Figure 2 , with the passage of time that he survives, the conditional probability of death from causes other than gastric cancer approaches 1. The slope of the graph becomes almost horizontal in the years leading up to the seventh year. This trend indicates that if the patient survives in that time after diagnosis, he/she will approach a cure condition [17] .
Discussion
In the present study, the results of the analysis showed that the ratio of patients who were estimated to die from cancer significantly reduced with the passage of time following the diagnosis. By contrast, aging was associated with a reduction in the ratio of deaths from causes other than gastric cancer. Indeed, when the diagnosis of disease occurs at an older age, there will be a reduction in the ratio of conditional cure (or death from causes other than cancer). For instance, in men with a diagnosis at stage III, the ratio varies from 49% for 50-yearold patients to 7% for 80-year-old patients. Although the same trend is observed in women, overall, it seems that men are more likely to survive than women. For example, the ratio of women diagnosed at stage III varies from 20% in 50-year-old patients to 6% in 80-year-old patients. This finding is also true for patients diagnosed at the other stages.
To date, few studies have used our approach to research the survival of patients with cancer. To our knowledge, this method was first used in Sweden to study 3 cancers including colorectal cancer, melanoma, and leukemia [17] . On comparing the results of our study with that of the mentioned study, our findings were largely similar to their findings for colorectal cancer; by contrast, they were different from the findings for melanoma. The observed difference is largely attributable The clinical application of the present study depends on its statistical method. It is usually difficult to determine accurately and record the true cause of death for each disease, and there are always some degrees of error, even in the best and most advanced registration systems. This is also true for cancer. Conversely, when the main cause of death in a cancer patient is apparently something other than the cancer, for example, a traffic accident or myocardial infarct, it cannot be said that the cancer did not play any role in the death of the patient. An important advantage of using the relative survival method as applied through measuring net survival is that the analysis is performed collectively, not individually, based on excess mortality in patients of interest compared with the mortality in the general population of same sex and year of birth. Accordingly, the deaths are not attributable to cancer in a group whose mortality rate is equal to the mortality rate in the reference population; however, the deaths can be partially attributed to cancer when the mortality rate in patients is higher than the mortality rate in the reference population.
Although in this present study the specific cause of death (including death from cancer and noncancer diseases) was not determined, the relative survival of patients was estimated and reported by making a comparison with the life expectancy of Iranian population of the same sex and year of birth. This type of analysis is valuable for clinicians or health practitioners because it helps to estimate the probability of death attributable to cancer and the survival rate at the time of diagnosis (disease stage) without the need to know the precise cause of death and without considering the competing risks that occur with aging after the main treatment and using complementary therapies, and controlling the factors involved in the spread of the disease.
Taking into consideration the limitations of generalizability, the results obtained in this study should be interpreted with caution. The main limitations of this study were the small sample size and the relatively short duration of follow-up. We recommended using this method to conduct survival analysis using large and long-term population data.
Conclusion
The ratio of patients in Iran who were estimated to die from cancer reduced significantly with the passage of time following the diagnosis, and the statistical cure point was estimated to be 7 years after diagnosis. However, aging was shown to be inversely associated. Although the same trend was observed in both sexes, we showed that men were statistically more likely to reach the cure point.
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